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Resultsof CausticDissolutionof AluminosilicateScaleand
CharacterizationDatafor SamplesfromtheEvaporatorPot and
GravityDrain Line
W. R.Wilmarth,R.C. SullivanandC. J. Martino
SavannahRiverNationalLaboratory
WashingtonSavannahRiverCompany
Aiken,SC29808
Abstract
Thebuild-upofsodiumaluminosilicatescaleinthe2HEvaporatorsystemcontinuesto
causeoperationaldifficulties.Theuseofanitricacidcleaningoperationproved
successfulin2001.However,theoperationrequiredadditionalfacilitiestosupportspent
cleaningsolution eutralizationa dwasquitecostly.A proposedcausticleaning
flowsheethasmanyadvantagesovertheacidflowsheet.Therefore,sampleswere
retrievedfromtheevaporatorsystem(gravitydrainlineandpot)forbothchemicaland
radiologicalcharacterizationa ddissolutiontesting.
Thecharacterizationf thesescalesamplesshowedthepresenceofnitratedcancrinite
alongwithadehydratedzeolite.Smallamountsofdepleteduraniumwerealsofoundin
thesesamplesasexpectedandtheamountofuraniumrangedftom0.5wt%to2wt%.
Dissolutioninsodiumhydroxidesolutionsofvariouscausticoncentrationsshowedthat
thescaleslowlydissolvesatelevatedtemperature(90°C).Datafromsimilartesting
indicatethathescaleremovedfromtheGDL in2005dissolveslowerthanthatremoved
in 1997.Differencesintheparticlesizeof thesesamplesofscalemaywellexplainthe
measuredissolutionratedifferences.
Introduction
TheSavannahRiverSite(SRS)storeshigh-levelnuclearwastein49underground
storagetanks.Thewastesaretobevitrifiedin theDefenseWasteProcessingFacility
(DWPF)forpermanentdisposal.Theavailabletankspacemustbemanagedtoensure
viabilityoftheseparationcanyonstosupportnuclearmaterialstabilizationandcontinued
operationofDWPF. Undernormaloperations,thewastesareevaporatedtoreduce
volume.TheSRShasthreeoperationaltmospheric-pressurehigh-level-waste
evaporators.TwoevaporatorsarelocatedinH-AreaandoneinF-Area.The242-16H(or
2H)evaporatorhadnotoperatedfromOctober1999toSeptember2001duetothe
presenceofalargeamountofsodiumaluminosilicatescalethatcontainedsodium
diuranate.1,2,3Thescaleisverysimilartothatobservedin thealuminumandpulppaper
industries4,s,6andwasproducedatSRSbyreactionof thealuminatesuppliedbythe
plutoniumseparationsfacilitiesandthesilicatefromrecyclewaterfromtheDWPF. The
chemistryofhigh-levelwastewithelevatedsiliconlevelsthermodynamicallyfavorsthe
--
W. R.Wilmarth,etal WSRC-CP-2006-00016
Page7of26
fonnationofaluminosilicates.7The2HEvaporatorcontainedscaletothepointthatthe
concentratedvaporatorbottomscouldnotberemovedthroughnonnalsteamlifting
protocol.
WorkperfonnedbytheSavannahRiverNationalLaboratory(SRNL)duringcalendar
~ears1998-2000showedthatdilutenitricacidwasaneffectivechemicalcleaningagent.,9Anoverallcleaningflowsheetwasdevelopedincalendaryear2000thataddressed
numeroussafetyissuesassociatedwithcleaningthepot,neutralizingtheuranium-bearing
acidanddischargingtheneutralizedsolutionstoawastetank.BeginninginMay200I, a
depleteduraniumandnitricacidmixturewasaddedtothe2HEvaporatorpotandheated
toelevatedtemperatures.As aresultof thisaction,thepotwascleanedandreturnedto
servIce.
As aresultof thefonnationofaluminosilicateswhenelevatedconcentrationsofsilicaare
fedtotheevaporator,SRSchangedtheoperationalrequirementsforthesite'sHigh-Level
Wasteevaporators.Wastescontaininghighsiliconconcentrations,e.g.,DWPFrecycle
wouldbeconcentratedinthe2HEvaporator.Thecriticalityhazardforthe2H
EvaporatorwasreducedbydepletingtheU-235contentof thewastebelowacceptable
levels(i.e.,depleteduranium).Wastecontainingaluminatewouldbeprocessedin the2F
or3HEvaporatorandacceptanceriteriawereestablishedtomonitorforthepossible
fonnationofsodiumaluminosilicate.1O
Routineinspectionsof the2HEvaporatorpothavebeenperfonnedbi-annuallysincethe
cleaningoperations.Inarecentinspection,evidenceofscalegrowth asemerged.
Additionally,difficultyin liftingthepotcontentsandreductioni thepotsiphon
flowratesindicatesanobstructioni theGravityDrainLine(GDL). Therefore,aneedto
perfonnchemicalcleaningoperationshasemerged.A causticleaningapproachis
desirablefrommanyaspects,includingthechemicalcompatibilitywithcurrent
processingoperations,theavoidanceofacidhandlingandthelackofaneedfora
neutralizationskid.SRNLreceivedsamplesfromtheGravityDrainLineandperfonned
causticdissolutiontestingandcharacterizationf thesesolidsalongwithsamples
removedfromtheevaporatorpot.II
ExperimentalDetails
Thisworkinvolvedtwotasksthatareoutlinedbelow:
TaskI: CharacterizationfEvaporatorSamples
Aliquotsof theEvaporatorsamplesweresubmittedforsolidstateanalysisbyX-ray
powderdiffraction(XRD)andenergydispersivespectroscopy- scanningelectron
microscopy(EDS-SEM)withoutanyin-celltreatment.Theintentoftheseanalyseswas
todetenninethecrystallographicsolidphaseanddetennineif discreetregionsofuranium
phasesexistasinpastsamples.3Aliquotswerepreparedusinganaquaregiamethodand
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analyzedformetalsbyInductivelyCoupledPlasma- EmissionSpectroscopy(ICP_ES),12
plutoniumbyalphapulseheightanalysisusingthenoyltrifluoroacetone(IT A)
separation,13andotheradionuclidesbyeitheradiochemicalcountingtechniquesor
InductivelyCoupledPlasma- MassSpectrometry(ICP-MS).14Samplesweresubmitted
independentlyin triplicateincludingatleastoneblank.Additionally,aspartof their
analysis,AnalyticalDevelopmentincludedinternalstandardsineachanalysisrun.
FigureI showsphotographsofsamplesofthescaleremovedfromtheGravityDrainLine
andthe2HEvaporatorpot.
Forthesamplesremovedfromthepot,Pu-239/240wasconvertedfromactivityunitsto
wt%makingtheassumptionthatallactivitymeasuredasPu-2391240wasfromPu-239.
ThisleadstoconservativelylargemassesofbothPu-239andtotalPu,versusassuming
anyotherisotopicsplitbetweenPu-239andPu-240.Mass238fromICP-MS is
acceptableforuseassolelytheU-238massbecausePu-238contributesaninsignificant
amounttothatmassvalue«0.005%).Thetotaluraniumvaluesprovidedinthetables
aresumsofallabove-detection-limitvaluesof individualuraniumisotopes.
Task2: CausticDissolutionStudies
InitialcharacterizationfsolidsremovedfromtheGDL in 199715showedthatcausticat
elevatedtemperature(90°C)dissolvesthesodiumaluminosilicateatratesthatcouldbe
usedin theevaporatorpotbutwerenotsufficientfortheGDL. Additionally,Dr.Addai-
Mensah16determinedthesolubilityofavarietyofsodiumaluminosilicatephasesina
numberofprocessfluids.ThekineticsoftheGDL workandtheAddai-Mensah
solubilitydataindicatethatcaustichemicalcleaningispotentiallyaviableoption.
SRNLperformedanumberofdissolutionstudiesofaliquotsoftheevaporatorsamplesin
asimilarmannerasusedpreviously.15Figure2showsatypicaldissolutiontestsetup
usingaglassbeakerandwatchglasscover.Forthetesting,analiquotof0.15gscalewas
addedtoaglassbeakerand30mLofacidwasaddedtothebeakerandheatedto90°C
forseveralhours.Periodically,a2mLaliquotofsolutionwasremovedandfiltered
througha0.45micronfilterandremovedfromtheshieldedcellforanalysis.
W. R.Wilmarth,etal
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Figure1. PhotographofSolidsRemovedfromtheGravityDrainLine(A) andthe
28 PotWall (B)
,
Figure2. TypicalDissolutionTestApparatus
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Results of GravityDrainLine Solids Characterization
SRNL receivedsamplenumberedHTF-061andperformedactivitiestounderstandthe
physicalpropertiesandchemicalandradiochemicalcomposition.Elementalmappingby
SEM-EDScharacterizesthedistributionofuraniuminthescale.SampleHTF-061
containedslightlylessthan50gofscale.Table1showstheresultsof theanalysesofa
setoftriplicatesamplesandablank. Thematerialisapproximately10.6wflloaluminum
and12.5wt%silicon.Thesevaluesareverysimilartothatpreviouslyanalyzedinthe
GravityDrainLine.3Duetothesamplepreparationmethod,thesodiumconcentration
wasnotdetermined.Thereis limitedneutronpoisoninthescalewiththeiron
concentrationbeingthehighestat0.5wWo.Theuraniumconcentrationaveraged2.59x
103p,glgor0.259wt%.Theuraniumenrichmentmeasured0.498%. Thereis asmall
tractionofplutoniuminthescale.ThePu-238andPu-239contentsare4.17x 106dpmlg
and8.41x 104dpmlg,respectively,assumingallof theactivityforthePu-239/Pu-240
countisPu-239.Thisassumptionisconservativefromanuclearcriticalityperspective.
AliquotsofthescalesampleweresentforsolidstatecharacterizationbyScanning
ElectronMicroscopy,EnergyDispersiveSpectroscopyandX-raypowderdiffraction.
Figure3showstypicalmicrographsofthescale.Thefirstandthirdimagesare
backscatterimages,whichshowheavymetalsuchasuraniumasbrightspots.The
secondimageisatraditionalsecondaryelectronimage.Figure4showsSEM imagesofa
coupleofuraniumcompoundspreparedaspartofprevioustudiesof theformationof
aluminosilicate.17Themorphologyof theuraniumintheGDL scalehassimilarattributes
tobothboltwooditeandweeksite.SeveralEnergyDispersiveSpectrawereobtained
fromvariousregionsof theGDL samplesexaminedbythistechnique.Figure5shows
twobasicspectraobtainedfromtheGDL sample.Thefirstimageisthespectraobtained
fromthealuminosilicatephaseandisdominatedbythethree lementsofsodium,
aluminumandsilicon.Duetothesimilarconcentrationsandscatteringcrosssectionsof
these lements,onecannotdeterminetheparticularaluminosilicatephasebythis
technique.Therefore,samplesof theGDL scaleweresubmittedforanalysisbyX-ray
powderdiffraction.Figure6showsthepowderpatternobtainedfromtheGDL sample.
Twocrystallinephasesareidentifiedinthepowderpattern.Thedominantphaseisthe
sodiumaluminosilicatephaseofcancrinite(NasAiGSiGh(N03)2-4H20)withsecond
minorphasebeingmuscoviteaclayphaseintheSRSprocesswater.
W. R.Wilmarth,etal
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Table1. CompositionofGravityDrainLineSamples
ADS Blank EvaDScale 1 EvaDScale 2 EvanScale 3
Analyte(ug/g) 300222055 300222056 300222057 300222058
Aa <343 <343 <331 <341
AI <208 106000 109000 104000
B <263 <263 <254 <261
Ba 57 74.4 81.1 <55.9
Ca 735 1350 1440 1380
Cd <74.6 <74.6 <72.1 <74.2
Ce 4660 4980 5320 3950
Cr < 177 < 177 <171 < 175
Cu <53.1 <53.1 <51.3 <52.8
Fe <59.5 6480 5510 4220
Gd 248 288 297 220
K 10900 10300 11400 9160
La 602 669 715 522
Li 597 693 698 539
Ma < 19.8 <19.8 <19.2 <19.7
Mn <9.91 62.4 50.9 45.9
Mo <659 758 674 <655
Ni < 184 < 184.0 < 178 <183
P <1320 <1320 <1280 < 1320
Pb <1290 <1290 <1240 <1280
S <426 <426 <412 <424
Sb 733 1020 1030 833
Si <2410 125000 128000 121000
Sn < 1490 1930 1820 1940
Sr 528 675 729 574
Ti <14.9 <14.9 <14.4 <14.8
U 3390 6180 6080 5140
V 408 <99.1 113 99.8
Zn 81.3 144 136 107
Zr 25500 6510 10800 5670
Th-232ua/a 8.09"
U-235ug/g 13.8 12.3 12.6
U-236ua/a 1.30 1.31
U.238 ug/g 2.77E+03 2.5OE+03 2.46E+03
U enrichment 0.495493878 0.489591211 0.509315214
Pu.238(dpm/g) Nodataforblk 4.28E+06 4.22E+06 4.02E+06
Pu-239/240(dpm/g) Nodataforblk 8.29E+04 7.88+E04 9.08E+04
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Figure3. ScanningElectronMicroscopyImagesof theGDL Scale
Boltwoodite Weeksite
Figure4. ScanningElectronMicroscopyImagesofUraniumCompounds
-
.. -"
d 1-\.." A..
m1. 10 {t (2
Figure5. EnergyDispersiveSpectrafromtheGDL Scale
-
0
"
..
JJ .. ..
Fd91:81125nctJCU1o10004....,18ctJ).i
. , . ,
W. R.Wilmarth,etal
Page13of26
WSRC-CP-2006-00016
12.0 ;22t1'S11a.I8M2HE>l8IIIRIorSea_CXR)W~h
0043e-0513:>N8I(It,.&tl:Ja)(NCIJ)2.4H,Q.SOdUm mNh8...HydrH
00.007..(1()42> 3T.tKN.}(~J a(SuJtn)Otl(O-IIr
10.0
.. ..'" 30 40
Two-T"",.(deg)
Figure6. X-rayPowderDiffractionPatternfromtheGravityDrainLine Scale
Sample
CharacterizationDatafortheScaleSamplesfromthe2HEvaporatorPot
Threescalesamples(HTF-137,HTF-138,andHTF-139)receivedatSRNLcontained
sufficientradioactivityorequireprocessingintheshieldedcells.HTF-139isasample
fromthewarmingcoil. HTF-137andHTF-138arefromthepotwallandtubebundle,
respectively.Theoriginalfocusoftheevaporatorpotsamplecharacterizationwasfissile
radionuclidecontenttosupportdevelopmentofaNuclearCriticalitySafetyEvaluation
forpotcleaning.
ThedensityofsampleHTF-138materialwasdeterminedbywaterdisplacementtobe
2.28glmL(cr=0.51glmL,n=4). The22%relativestandardeviationof theHTF-138
densityiscommensuratewiththeprecisionof themeasurementmethodused.Density
measurementwasnotperformedonHTF-137becausethesamemethodwasnotuseable
onawetsample,anddensitymeasurementwasnotperformedonHTF-139duetolackof
availablesample.
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Table2containstheradionuclideconcentrationsandapplicableICP-MSresultsforthe
three2-Hevaporatorpotscalesamples.Dataarereportedastheaveragesandstandard
deviationsof theabove-detection-limitvaluesobtainedfrommultiplepreparations.
Averagedetectionlimitsareprovidedbyconsideringonlytheanalysesthatwere
performedtominimizedetectionlimits.Resultsareonanas-receivedbasis(notadry
basis).SampleHTF-137wastakenfrombelowtheliquidlevelin thepotandhada
wetterappearancethansampleHTF-138.
WSRC-CP-2006-00016
Althoughthethreesamplesvariedinweightpercentageoftotaluraniuminthescale
(from0.483to2.01wf'Io),theyhadaconsistentU-235enrichment,averaging0.502%(cr
=0.010%,n=8).
Table3containstheICP-ESdatafromtheperoxide-fusiondigestionoftheevaporator
scalesamples.NotethatthismethodintroducesNaandZrintothesample,andthusthey
arenotreported.Historically,Ag introductioni tothesamplewasalsonotedfor
peroxidefusion.Theresultsareconsistentwiththebulkcompositionof thescalebeing
sodiumaluminosilicate,althoughSi resultswerescattered.Minorcomponentsdetected
in thescaleincludeFe,Ce,Sn,andMn.
BasedonthestoichiometryevidentfromtheSEM andXRD results,thesiliconvalues
reportedinTable3arelikelybiasedlow. Becauseitwasnotthefocusof theoriginal
characterizationscope,thesamplepreparationmethodwasnotoptimizedtokeepsilicon
insolutionforaccuratemeasurement.Siliconcontentis likelyclosertothe1:1molar
stoichiometricequivalenttothealuminumcontent.
W. R.Wilmarth,etal
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Table2: RadiochemistryandICP-MSResultsforthe2-EvaporatorPotScale
Samples
bdl =belowdetectablel vel
r HTF-137PotWall HTF-138TubeBundleIHTF-139WarmingCoil
Analyte Method Units I averageI stdev I average stdev I average stdev
analysestosupportevaporatorchemicalcleaningNCS£
Mass233(U) ICP-MS wt% <4.95£-05 -- <2.0/£-04 -- <6./0£-05 --
Mass234(U) ICP-MS wt% 7.54E-05 2.74E-05 4.27E-04 5.7E-05 7.35E-05 9.3E-06
Mass235(U) ICP-MS wt% 2.53E-03 \.I7E-03 \.0IE-02 4.9E-03 2.44E-03 2.2E-04
Mass236(U) ICP-MS wt% \.60E-04 7.3E-05 8.65E-04 I.I8E-04 \.7IE-04 \.9E-05
Mass238(U.Pu) ICP-MS wt% 4.96E-01 2.27E-01 2.00E+OO 9.5E-01 4.80E-0I 2.8E-02
Pu-239/240 PuTTA wt% I.38E-04 5.6E-05 3.5IE-04 2.14E-04 \.33E-04 7E-06
Pu-24I Pu-24I wt% 4.13E-07 I.33E-07 \.70E-06 9.6E-07 9.40E-07 6.49E-07
TotalU calculation wt% 4.99E-01 2.28E-01 2.01E+OO 9.6E-01 4.83E-01 2.9E-02
U-235enrichmentcalculation % 0.505% 0.003% 0.496% 0.012% 0.505% 0.016%
additionalanalyses
Cs-137 gamma dpmlg \.06E+08 8E+06 \.77E+08 \.5E+07 I.I6E+08 4E+06
Cs-134 gamma dpmlg bdl -- 2.97E+04 3.0E+03 bdl --
Co-60 gamma dpmlg \.45E+04 5.5E+03 \.52E+04 3.3E+03 bdl --
Mass232(Th) ICP-MS wt% \.80E-04 5.6E-05 2.40E-04 -- 2.40E-04 \.8E-05
Mass237(Np) ICP-MS wt% I.36E-04 6.3E-05 6.43E-04 5.9E-05 \.39E-04 4E-06
Pu-238 PuTTA dpmlg 2.87E+06 7.IE+05 \.27E+07 7.0E+06 6.14E+06 3.95E+06
Mass239(Pu) ICP-MS wt% <8.00£-04 -- <8.00£-04 -- <8.00£-04 --
Mass240(Pu) ICP-MS wt% <4.95£-05 -- <2.0IE-04 -- <6./0£-05 --
Mass241(Pu,Am) ICP-MS wt% <4.95£-05 -- <2.0/£-04 -- <6./0£-05 --
W. R.Wilmarth,etal
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Table3: ICP-ESResultsforthe2-EvaporatorPotScaleSamples
* likelyintroducedbytheperoxidefusiondissolutionsinZrcrucibles
ICPES HTF-137PotWall HTF-138TubeBundle HTF-139WarmingCoil
(wt%) average stdev average stdev average stdev
Ag* 1.44E-02 2.2E-03 1.93E-02 1.8E-03 8.17E-02 1.92E-02
Al l.lIE+Ol 1.2E+OO 1.22E+O1 1.7E+OO 1.23E+OI 6E-OI
B <1.70E-02 -- <1.66E-02 -- <5.28E-02 --
Ba 5.23E-03 -- <3.59E-03 -- 1.43E-02 1.8E-03
Ca 1.04E-O1 1.1E-02 1.74E-Ol 3.0E-02 3.18E-Ol 8E-03
Cd <3.99E-03 -- <4.15£-03 -- <1.24E-02 --
Ce 1.68E-OI 6.3E-02 1.21E-Ol 2.3E-02 6.25E-OI 6.2E-02
Cr 3.49E-02 1.44E-02 l.llE-02 -- < 1.97E-02 --
Cu < 1.22E-03 -- <1.25£-03 -- <3.77E-03 --
Fe 2.37E-OI 9.6E-02 2.12E-Ol 5.8E-02 2.37E-Ol 8.9E-02
Gd 8.3IE-03 3.0IE-03 7.0IE-03 2.94E-03 3.28E-02 2.7E-03
K <6.04E-01 -- <8.56E-Ol -- <1.87E+00 --
La 2.84E-02 1.30E-02 2.16E-02 6.9E-03 9.86E-02 9.1E-03
Li <9.90E-02 -- <1.14£-01 -- <3.07E-Ol --
Mg < 7.17E-03 -- <5.20E-03 -- <2.22E-02 --
Mn 1.24E-02 4.IE-03 I.OOE-02 5.2E-03 1.07E-02 1.4E-03
Mo <6.35E-02 -- <8.14E-02 -- <1.97£-01 --
Ni 2.73E-02 -- 2.15E-02 -- <5.21E-02 --
P <9.86E-02 -- <1.13E-01 -- <3.05£-01 --
Pb <9.77E-02 -- <1.38E-01 -- <3.02E-01 --
S 1.12E-OI -- <1.01E-01 -- <2.90E-01 --
Sb 7.83E-02 -- <6.54E-02 -- 1.90E-OI --
Si 3.20E+OO1.61E+OO 3.7lE+OO1.33E+OO 1.54E+Ol 5E-OI
Sn 1.90E-Ol 6.1E-02 1.47E-Ol -- 6.16E-Ol 5.0E-02
Sr 3.35E-02 6.3E-03 4.llE-02 1.0lE-02 1.09E-Ol 5E-03
Ti 1.01E-03 2.2E-04 2.27E-03 1.18E-03 4.61E-03 2.6E-04
V <1.27£-01 -- < 1.36E-01 -- <3.93E-01 --
Zn <1.27E-02 -- <1.05E-02 -- <3.95E-02 --
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Figure7showstheX-raypowderpatternfromanaliquotofthesampleHTF-137which
wasremovedfromthepotwall. TheX-raypowderpatternshowsdiffractionpeaksfrom
threecrystallinespeciesandincludescancrinite(patternumber038-0513),adehydrated
zeoliteofthesamealuminumandsiliconstoichiometry(patternumber050-0248)and
muscovite(patternumber007-0042).Thedistinguishingfeatureofthispatternfrom
thatpreviouslymeasuredfromeitherscaleremovedfromtheevaporatorpotorthe
gravitydrainlineisthepresenceofthedehydratedzeolite.Thediffractionpeakintensity
ofthecancriniteanddehydratedzeolitereflectionsarenearlyequalandcanqualitatively
indicatethathetwocrystallinephasesareofequalconcentrationinthescale.Thiswas
notobservedinthecharacterizationofthesamplespreviouslyremovedfromthe
evaporatorpotwall.2,3Thedehydratedphasewasprobablypresentinthe2H
Evaporatorduringthe2001cleaningbutwentundetectedduringcharacterization
activities.
HTF 137Wlrrath
~13> Na 8(AI.Si.024)(!I03)2-4H2<)-Scxim AUnirun Nlrae Sik:<ie I-tpcte
oo.ooT-0042> MIsroII&3T -(K.NaXAI,Mg,Fe) .(Si3.,AlO.)O'O(OH)2
(X)..(B).{)248>Na 8(AISiO4)o(!I03)2-Socbn Ahrnirun Nlra:e SIk:<ie
I
70
Figure7. TypicalX-rayDiffractionPowderPatternobtainedfromtheSamplesfromthe2H
EvaporatorPot
Figure8throughFigure11containtheSEMandXEDSresultsforasinglegrainof
groundscaletakenfromthetubebundleofthe2H-evaporatorpot(HTF-138).The
localizedbrightareasintheSEMbackscatterdetectorimages(Figure8,bottomimages
ofFigure9andFigure10)correspondtouranium-richparticles(seethebottomXEDS
spectruminFigure11).Thebulkofthematerial,whichismediumgrayintheSEM
backscatterdetectorimages,isconsistentwithsodiumaluminosilicateandisrelatively
freeofuranium(seethetopXEDSspectruminFigure11).FromtheSEMsecondary
electronimages,regionsof string-likestructuresareevidentinboththeuraniumrichand
sodiumaluminosilicatephases.
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Figure8: Top:SEMbackscatterdetectorimageofacoatedgrainofscalefromthetubebundle
(sampleHTF-138).Bottom:thecorrespondingXEDSrasterscanofanareaofthegrain.
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Figure9: SEM secondaryelectron(top)andbackscatter(bottom)imagesofthesurfaceofagrainof
scalefromtheevaporatortubebundle(HTF-138),magnified650X.
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Figure10:SEMsecondaryelectron(top)andbackscatter(bottom)imagesofthesurfaceofagrain
ofscalefromtheevaporatortubebundle(HTF-138),magnified2000X.
W. R.Wilmarth,etal
Page21of26
WSRC-CP-2006-00016
WILM<\RTH HTF-138 A-K:>T0-4145 SFOT-
u
u
Fe u u
4 5
IFuJlScale1765cis CUrsor:0.164keY(24cis)
(I fO f1 f2 13 f4 f5 f6 f7 f8 1
keVI
Figure11: LocalizedXEDS spectrafor theuranium-freesodium-aluminosilicateareas(top)and
uranium-richareas(bottom)of the2-H evaporatortubebundlescale.
Dissolution Studies of the GravityDrainLine Scale
ShowninFigure12arethemeasuredconcentrationsofaluminumfromtestingranging
from0.5M to19M sodiumhydroxideasthedissolvingsolvent.Thetestingdurationfor
eachofthesetestswas4hours.A linearincreaseinaluminumconcentrationwas
observeduringthese4hours.Withsolidsstillremainingattheconclusionof thetests
andthemeasuredsiliconandaluminumconcentrationswerecontinuingtoincrease,there
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isnoindicationthatdissolutionwascompleteinanyofthesetests.Theamountof
aluminumdissolvedperunittimeat90°Cwasdirectlyproportionaltotheconcentration
of sodiumhydroxidewiththerateofdissolutionat0.5M NaOHbeing18mgAl/handat
19M NaOHbeing63mgAl/h.
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Figure13showsthesimilarsetofresultsforthemeasuredsiliconconcentrationsrather
thanaluminum.Silicondissolvesintothevariouscausticsolutionstoalargerdegree
thandoesaluminumwiththeexceptionofthe19M NaOHsolution.Thishasbeen
observedinthepast.IS Thehighestsilicondissolutionratewasobservedat90°Cinthe8
M sodiumhydroxidesolutionandmeasured200mgSi/h.Thealuminumprecipitates
mostlikelyasgibbsite,boehmiteorsodiumaluminate.Intestwiththe8M sodium
hydroxide,thefourhourdataforbothaluminumandsiliconappearslowandthusrates
werecalculatedfromthethreehourdatapoints.Additionally,inthetestingwiththe19
M sodiumhydroxide,agelformedinthedissolutionbeaker.Figure14showsa
photographofthegelthatwasproduced.
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Figure12.AluminumDissolutionDatainVariousCausticSolutions
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ShowninFigure15isagraphicalcomparisonof theresultsfromdissolutiontestingin3
M sodiumhydroxidesolutionforanaliquotofascalesampleremovedfromtheGravity
DrainLinein 1997andthesampleremovedin2005.It isevidentthatheamountof
siliconthatdissolvedfromthe1997scalesampleissignificantlyhigherthanthatwhich
dissolvedfromthe2005scale.Reasonsforthisdifferencecouldincludedifferent
particlesizesbecausethesamplesweretakenwithdifferentsamplingtools,different
surfaceareaandporosityof thesamplesthatenteredthetesting,andthetwoscales
dissolutionrates.If thescalesdoactualdissolveatsignificantlydifferentrates,the
facilitywill havetousehighercausticoncentrationsthantheplanned3M sodium
hydroxideand/orthefacilitywill havetoincreasethecausticsoaktimeinthepotto
muchlongertimesthantheflowsheetdurationof 8hours.
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Figure14.GelationofTestwith19M SodiumHydroxide
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Theformationofsodiumaluminosilicate(NAS)scaleinthehigh-level-wasteevaporator
continuestopersistduringtheprocessingofrecyclewaterftomtheDefenseWaste
ProcessingFacility.Scaleremovedftomthe2HEvaporatorsystem(gravitydrainline
andtheevaporatorpot)continuetoshowinclusionofuraniumintothescalematrix.
Withtheincreasedsamplingwithintheevaporatorpot,onenoticesthattheamountof
uraniuminthetubebundlesample(2.01wt%)ishigherthanthegravitydrainline
sample(0.498wt%),thewallsample(0.499wt%)andthewarmingcoilsample(0.48
wt%). Theuraniumenrichmentinallsampleswasnearlyidenticalandmeasured0.5%.
Thehigheramountsofuraniuminthesampleftomthetubebundlemayberelatedtothe
highertemperatureandhigherdegreeofevaporationthattakesplaceatthesurfaceofthe
tubebundle.X-raydifftactionanalysisofthesesamplesshowsthetraditional
crystallographicphasefoundpreviouslyin thelate1990sandinearly2000.Thisphase
isthehydratedandnitratedphaseofcancrinite.A secondphaseobservedin theanalysis
of thescaleremovedftomthetubebundleisthedehydratedzeolyticphasewhichhasnot
beennamed.Thisphaseis likelydenserthanthecancrinitephase.However,thephase
wasmostlikelypresentduringthecleaningoperationsconductedin2001butwasnot
observedin thesamplestakenftomthepotwall.
Dissolutiontestingofthescaleremovedftomthegravitydrainlineshowthathescale
woulddissolveinsodiumhydroxidesolutionsrangingftom0.5M to19M atelevated
temperature(900q. Thisdissolutionisrelativelyslowbutincreaseswithincreasing
causticoncentration.Caremustbeusedtoavoidgelformationatveryhighcaustic
concentrations.Thisworksuggestedthatforimplementationinthe2HEvaporatorthata
sodiumhydroxidecleaningsolutionshouldbeontheorderof3- 8M NaOH. Contrary
totheacidcleaningflowsheetinwhichaluminumandsiliconinitiallydissolveandthe
siliconeventuallyprecipitates,thebehaviorincausticisjusttheopposite.Bothmetals
initiallydissolveintothecausticleaningsolution.Insodiumhydroxide,thealuminum
eventuallyprecipitatesallowingfurtherdissolutionof thesiliconftomthealuminosilicate
scale.
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